Abstract
chemical reactions that cause the expansion and cracking of concrete remains in shadow.
86
The ASR expansion of FNS fine aggregate produced in the smelters of New Caledonia 87 has been investigated in this study. This particular FNS is extracted by pyro-metallurgy from 88 garnierite ore and cooled down by sea water. It has different chemical compositions than the 89 FNS aggregates used in the studies available in literature. Our other study [25] investigates the 90 utilisation of the ground FNS as a partial replacement of cement. Petrographic analysis of the 91 FNS showed the existence of glass containing amorphous and cryptocrystalline silica that 92 might cause ASR when used as aggregates in concrete. Therefore, a study on the potential ASR 93 expansion of the aggregate is essential for its development as an alternative fine aggregate for 94 concrete. Accelerated ASR tests were conducted on mortar specimens containing different 95 percentages of FNS as a replacement of natural sand. Fly ash and GGBFS were used as partial 96 replacements of cement and their effectiveness on the ASR expansion were studied.
97
Microstructural analysis using scanning electron micrographs (SEM) and energy-dispersive X- Mortar bar specimens of 25 × 25 × 285 mm were cast with gage studs inserted at the 159 ends to measure the length change of the specimen. The specimens were cured at room the fifteen mixtures of this study after 21 days of immersion are collected in Table 5 . Each 198 mixture classified as reactive (R) or non-reactive (NR) by using the limits given in Table 4 are Table 5 . As shown in Fig. 4 , the 14-day expansion of the specimen containing no 200 FNS (Mix A1) is 0.05%, which is much smaller than the 0.3% limit set by the Standard.
201
Therefore, the natural sand is classified as non-reactive. On the other hand, the 14-day 202 expansions of the specimens containing 25% to 100% FNS are higher than the 0.3% limit. 
Study of the microstructure by SEM and EDS

265
The specimens containing 100% FNS aggregates from the 3 series of mixtures were 266 selected to study the microstructure of the reaction product by using SEM photographs and especially those using 100% OPC, and 30% GGBFS and 70% OPC. The SEM images of the samples containing FNS with 100% OPC (Fig. 8b) , and 70%
284
OPC and 30% GGBFS (Fig. 8f) 
Conclusion
300
The reactivity of a proprietary ferronickel slag aggregate in cement mortar was studied or with 30% GGBFS in the binder and FNS content of 25% or more were above this limit. The 309 expansions of these specimens increased significantly for continued immersion up to 64 days.
310
The expansions of the specimens with 30% fly ash and up to 100% FNS remained below 0.3% 311 for 64 days of immersion. The SEM photographs and EDS data showed the presence of ASR 312 products on the surface of FNS aggregates in the specimens except those using 30% fly ash. China (pp. 617-624).
